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High Altitude Research Using The V-2 Rocket

Chapter 1
INTRODCTION

The dewelopment within recent years of rockets cepable of reaching
very high altitudes has given the field of upper atmosphere research a new
and potent experimental tool. The Applied Physics lLaboratory (APL) is ome
of a mmber of ageneies cooperating in an extensive series of high altitude
studies carried on in oconmeotion with the U, S. Army's V=2 rocket test
progran; the present report is ooncerned primarily with APL's partiocipation
in this research during the period, March 1946 to May 1947, The Laboratory's
work in this field after the latter date will be covered in future reports.

Upper Atmosphere Beseerch in Gensral

Atmospherio research as & whole may be said to be of two general kinds:

(a) direct, in which experimental data are taken at the actual altitudes being
| studied, and (b) indirect, in which variocus high altitude comditions and
; phenomens are deduced from data talen orn the earth'c surface. Prior to the use
i of rooksts the ceiling for direot atmospheric research wms determined by the
altitude that could be reached by fres balloons carrying recording or tele-
motering equipment.. The maximm height of suoch flights has been epproximately
26 miles with the average being less thsn 20 miles.

In the category of indirect experiments which have added enormously to
man's knowledge of tie upper atmosphere there havs been, among others, studies
of the solar spectrum; of the spectrum, height and intensity of auroral light;
of the ancmalous transmission of sound waves from explosions; of the height,
velocity, deoeleratioxn, and luminosity of meteors; of the absorption spestrum
of osons; of the reflection of radioc mves by the ionosphere; of the reflection

of searchlight beams; of the light of the night sky; and of the periodio and
noneperiodic variations of the earth's magnetio field.

Although the total amount of upper atmosphere information gained by the
abova procedures has been great, there remain many questions which have not
been answered and which, in faoct, may 2ot be answerabdle without obteining
direct meanwesents at altitudes mch higher than have been possidble in the
i past. Examples of such problims inolude the following:

" cheomidy Hhost

1. Peroentage composition of the atmosphere at high altitude.
Although auroral spectroscopy and study of the light of the
night aky provide emple evidence of the existence of oxygen
and nitrogen at heights of seweral hundred miles, almost
nothing is known of the percentage composition of the atmos-
phere at thess lewsls. Neither is it known whether there is
sufficient turbulence in the upper atmosphere to assure sub-
stantially oconstant gaseous ocomposition as a funotion of
altitude (as is true close to the earth), or whether gravi-
tatioml effects produce a relative inorease in the amount of
the lighter gases (helium and hydrogen) at higher levels.
Collection of air ssmples at various altitudes, which is feasi-

ble with roocket techniques, would provide information on this
matter.
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2¢ Spectrum of the sun, Until about a year ago direct know-
ledge of the solar spectrum was limited to measurements
made on or near the earch., Because of atmospherio abd-
sorption these did not extend below a wave length of 2500 %,
As will be mentioned in greater detail later in this report,
rocket-borne spectrographs have recently provided a consider-
able amount of solar spectra data down to 2300 A, and it 1s
possible that within another year the long=-standing controversy
oconoerning the so=cslled "ultraviolet excess" of the sun's
speotrun may be settled.

S. . Proper.ies of the ionosphere, Although the body of knowe
ledge about the ionosphere is larse it does not inoclude a
great deal of information on ionization density between the
ionospheric layers; this problem is now being subjected %e
direoct experimnt using rocket techniques.

4., Commio ray studics., There is soms diflference of opinion
axmong solentists as to whether rockets can play or are play-
ing a role in cosmic ray research which is not betbter f£illed
by free balioons, Dlowever, cosmic ray stuly using rcoket=
borne instruments is pruoceeding and it seems fair to say that
ocortain facts, at least, have been and will be established in
-this fashion with greatsr certainty than could ever be possidle
using balloon equipment, A major seotion of this report is
ooncernsd with cosmio rey information aocummlated by APL in
ocomeoction with the V=2 rocket program.

These are but a few of the pending problems in upper atmosphere researoh
whioch appear to be open to suooessful attack by ueing rockets which makes it
possible to transport messuring equipment to previocusly inaccessibdle alti-
tudes. Although such experiments have been in progress for only a relatively
short %ime, they have already proved their worth and will undoubtedly beoome
inoreasingly valuable as more experience in their application is acquired,

High-Altitude Ressarch Progrem at APL

By the begimning of 1946 the Ordmance Department, U, 8, Army, had oom
pleted its plans to fire a series of 25 captured German V=2 rockets for mili-
tary appraisal, These were to be launched a® the Army's White Sands Proving
Grounds in New Mexico. In Jammry, at the invitation of Army Ordnance, repre-
sentatives of APL attendesd a conference of service and university groups ocalled
to discuss the possidbility of using the warhead space in the V-2 rockets to
carry research equipment, giving the rocket tests a soientifio as wll as o
military value, In this and subsequent msetings, APL expressed its interest
in partioipating vigorously in this program both as an effort $o pure research
and as a supplement to its guidede-missile program, IThe problem assigment
which was drawn up to oover this woark, and whioh was approwed by the Bureau
of Ordmunoe, U. 8. Navy, in February 1946, states in part that the Laboratory
1s "to perform basio soientific work and instrumsntation in the study of the
physics of the upper altitudes. Speoific investigations will inolude solar
speotroscopy, cosmio ray studies, flight properties of missiles, ionosphere
studies, pressure and oonstitution of the atmosphere, temperatures of the
surface of missiles, and measurement of the solar constant."” To date, work
has mainly been comnoentrated on the first three of the problem statement
sssigments.
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The High-Altitude Research Group of APL was organized in late February
1946 and began work immedistely preparing research equipment to be fired
in V=2 rockets. The Laboratory was assigned, on an average, every fourth
V=2 with other participating laboratories using the intervening ones. Subse-
quent extension of the Army's firing program to 756 rockets greatly increaced
the research possibilities of this particular series of experiments.

While APL participation in the V-2 program was still in an early
planning stage conversations were initiated with the Aerojet Engineering
Compaxy-—--a Section T associate contractor---and with the Douglas Aircraft
Company relative to the procurement of a series of small sounding rockets. It
was proposed that these would be generally patterned after the successful WAC
Corporal rocket (Army Ordnance-Galcit) but with imstrument volume and alti-
tude specifications more suited to high-altitude research requirements. In
May 1946 a Bureau of Ordnance contract was awarded to the Aerojet Engineering
Cdmpany for the design, testing and fabrication of 20 such sounding rockets,
the vehicle to be known as the Aerobee.l The Office of Naval Resesrch was
algo interested in a research rocket of this type and agreed to contridute
one-fourth of the total Asrojet contract amount in return for five of the
twenty vehicles, t0 be used by the Naval Research Laboratory.?

Objectives of the Aerobee program are as follows:

1. 7To provide a relatively inexpensive vehicle for research
in the physics of the upper atmosphers.

2. To advance engineering experience and practice in the design,
testing and launching of liquid-fueled rockets while at the
same time making available a proven missile of potential
military value as a basis for an antiaircraft guided missile;

3. 70 provide experience within the Navy and its contractors in
the practical handling, servicing, fusling, l-unching and
tracking of rockets of potential military type; it is anticie
pated that shipboard launchiag may be included in the Aerobee
progran at an appropriate later date.

The schedule of Aerobee development as originally set up called for first
launchings in late 1947 and 1948.3

Current work in the high altitude research program is being oconoentrated
on the study of basio physical phenocmena oconocerning whioh balloon flights and
indirect experiments have given and probadbly would ocontinue to give either mo
data or inoonclusive data, Cooperating with APL in this program are:

| .
The design and operation of the Aerobee is the subject of a BUMBLEBEE
Report to be issued in the near future.

’tnthonpromlih rookst is known as Venus instead of Aerodee.

"m date of preparation of this report makee it possidle to state that three
Aercbees had been f£ired by April 1948, Performance was essentially as
predioted, a peak altitude of 380,000 feet being achieved with a welooity
of about 4300 £t/se0 at the end of powered flight.
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1, Tiree Sectien T asscciste eoxtrastors - New Mexieo Sehool
of Mires,¢ Bow Nexieo College of Agrisulture and Mechanie
Arts, and University of Virginia;

8, Ome sub-centractor - Yerkes Obserwtory of the Universivy
of Chicago;

8, Four agensies workisg om a cooperative men-eomtr.ot basis
« Department of Terrestricl Maguetimm of the Carmegie
Institution, Rarvard College Obserwatory, Califerxia
Institute of Teshnology, and Natiomal Inskitute of Health,

At presexnt secondary emphasis is being placed en military applications
of this researsh; howver, most of the persemw) in the APL Eigh Altitude
Group either are or have been assooisted also with military development
work 5o that alreedy a mmber of military applications ef possidle future °

inportance bave been suggpested.

Because the present report is plamed as the first of several $e de
issued in the BIMBIEBEE series and covering mare or less ehronolegically
the wpper atwosphere research of this Laboratory and its assooiabes, the
background ef the program as a whole bas been discussed here in scme de-
oconsideration of the work

Section T associabe ocontractor during the
ﬂrﬂpﬂofthiuwrkmmmuulm_hnhlﬂso
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Chapter II
THE V-2 AS A RESEARCE VRHICLR

This section of the reports is devobed 40 o description of the %2 rocket
as ¢ vehicle for ecarrying imstrumnis %o 100-mile altituies and the Seehniques
for recewery of infermtion odbainmed on the flights. Pellewirg an
outline of structural design and flight performanse of the missile, a detailed
desoription is presented of ballistie tracking precsdures amd trajectories,
powmr sources and eircuits, telemstering equipment, and date reecrding end
resevery.

Physies] Charesberisties of the Roskvs
Rooknt Iorformames

The V=2 rocket, wheee dimensions and ecmpensnte
1, wms dosigmed and produced in Germany during the
in $his cowmtry for researeh purposes, It has a $odal
inehes and is 6 feet § imches in dizmster, The extrems 4
1s 11 feet 8 inshes. The tetal weight is adbout 9,000 pounds wnloaded and
about 14 tons loaded.

g
%
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2
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The rocket is powered by a jet motor using aloohol 1iquid
exygen as the exidiser. Ower 19,000 poumds of fuel used,
vhioch allows the motor te eperate for about 60 seoonds, p pressure in
oombustion chasber is about 16 atwmospheres at 3000 C and v
is of the erder of 6,560 £4/see, giving a thrust of 28
drives the fusl amd exidiser pumps, the sbeam being geme

of hydrogen peroxide and sodium permangamate.

The thrust produces an acoeleration of 6g and a wlocity of about 5000
£t/s00 just before fuel bLurmeut, which ecours at & height of about 100,000
feot, Altitudes between 66 and 114 miles have bDeen attained with flight
times of about 8 miwmtes. Thus, periods of four to fiwe mimtes have been
spent above the heights reached previously by sounding balleons, Illustrative
trajectories are shoma in Figs, 2 and 3,

Launching Procedures

The V=2 is a self-leunching rocket requiring mo propelling charge er
boosber to 1if% it from the growmd, The launching stand is merely a plat-
form on whioch the roocket rests before the motor is set in operetion, As a
safety precaution, the rockst is not fueled umtil it is on the stand amd
ready %o be fired.

e
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A block house, with reinforced oconorete walls 18 inches thiek, is lo-
oated 1000 feet from the launching equipment to sholter persomel during launch-
ing. The blook house is the comtrol cenber for the entire lsunching operation.
Starting oircuits for the rocket motor and for the warhead instrumsntation
terminate in the block house, Communication is maintainsd between the dlook
house and all ebserving and recording stations located a$ various poiute im
the Proving Ground,
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Trajectory Control

The trajectory of the V-2 is controlled by a stabilising mechanism in the
rooket and limited if necessary by & remote control fuel ocuteoff system. Fuel
cub=off is effected when & multiple ohannel radio receiver in the V-2 receives
the proper command. This system has been used on ocertain flights when the V=2
Gid not follow a safe trajectory. Radar plotting boards and “sky soreens" are
used to determine the necessity for fuel-cuteoff,

The stabilization system installed in the rocket consists essentially of
pre-set gyro orientors and servo mechanimme for the operation of exterior
control vanes and for carbon control rudders placed in the exhamst jet. The
dssired trajsctory is determined Before the flight and the gyros are set ao-
cordingly.

Nodifications of the Rocket for Selentific Use
the ¥=2 Yarhead

The portion of the V-2 rocket most wseful for sciemntific research purposes
is the warhead where space is availadle for instrumentation. Warheads for the
V=2's have been designed by the Naval Rbésearch Laboratory especially for
scientific wse and are mamufactured by the Naval Gurn Factory for all partici-
pating groups.

The warhead consists of a nose section mede in two parts, and & main bdody.
The main body is of cast steel 3/8 inches thick and 57 inches lomg, with a
base diameter of 37 5/8 inches. Access to the interior is by means of three
gasketed ports. Two Of thess, located dlametrically opposite esch other amd
16 3/4 inches adove the base, ars 15 x 17 inches. The third port, located at
right angles to the others and 42 1/8 inches above the base plate, 1s 12 x 13
inches. The nose compartment, lying detween the noss tip and the main dody of
the warhead, is 22 inches long, vith a base diametsr of 12.37 inches and with
a 6 inch access port. The nose tip is 12 inches long with a bdase diameter of
3 inches. The warhead has an over-all length of 7 feet 6 inches and weighe 1055

pounds empty,

As originally supplied, the base plate of the warkead was welded in as aa
integral part of the warhead. Experience on the asseadly of apparatus ia an
early flight indicated the desiradility of separating the cons from the base so
that apparatus night be built wp on a frame over which the come could be lowered.
Later warheads were modified to have a separafe base plate which is bolted to
the oone after instrumentation is completed. In this manner, assemdly and test-
ing 1s greatly facilitated and no design limitations based on access port sise
are imposed.

The V-2 wvarhead has availadble 19,6 cudic fset of space for sclientific
instrumentation. To make Optimum wse of this space requires careful desiga and
pPlacement of equipment, and has resulted in ths wse of a "pyramid® frame with
compartments into which are fittsd the various electromic wnits with the smaller
apd lighter units near the top. Bulkheads comstructed inside the two opposite
access ports are wsed for holding the Geiger tude telescopee, with two of the
taides outside the bulkhead and, except for a shielding cover of ome=quarter iach
plywood, the ports are sxposed to the atmosphere,




10 BUMBLEBEE Report No. 81

Equipseat is Duilt on chasses fabricated from 1/8-inch steel plate vith
1/8-1ach end support plates on vhich comnector plugs are mounted. The chasses
slide into the compartments in the pyramid and are secured by spring clips.
Connector plugs are wsed throughout to provide a quick and easy method of
assembly and testing. All grownd comssctions are carried by wires rather thaa
%y the dody of the warhead,

Addisional Space for Rxperimental Bquipe  at

From time to tisme some space in the aft section of the rocket has deen
made available for imstrumemtation. High temperatures and vibration are
encountered éue to the proximity of the motor; however, the possibilities for
recovery of equipment installed here have proved to be relatively good.

Additional space is available in one quadrant of the control compartment.
This space, wapressurised and lying immediately aft of the warhead, is 4 feet
7 inches long and has base dismeters of 37 5/8 inches and 54 1/2 inches. It
is weeful for housing such instruments as cameras, recorders and timers.
Other quadrants ia the control compartment contain the telemetering tranmmitter,
the emergency cut-off receiver, the Doppler tracking unit, and rocket comtrol

squipnent.
Tastors o be Conpidered ia V-2 Experimentation

The V=2 coastitutes an exceptional vehicle for carrying instruments to
mach greater altitudes than have ever before deen reached. Its use, however,
also introduces wnusual and exacting circumstances under which the experimen-
tation must be performed. The following paragraphs contain a discussioa of
some of the more important of these conditions, and of the general techniques
used to iamsure operation duriang the flight of the V-3. Specific prodleas will
be treated in more detail in later sections of this chapter.

1. All equipment fired in the V=2 is affected by the acceler~
ation of the missile. The maximum acceleration due to
propulsion is 6g, and the equipment has been designed to
operate under thig conditioa. It has bdeen estimated that
the rocket undergoes a 17g lateral acceleration toward the
ond of the flight due to vibration. A shake table anmd &
centrifuge have been used to study the operation of
oquipasat wnder various accelerationms.

2. Another situation encountered in experimentation at high
sltitudes is the dreakdown of air as an insulator at low
pressures. IThe solutioa of this problem has been to maintain
the interior of the warhead at atmospheric pressure by meaas
of gaskets on the warhead bdase and doors. Cable connectioms
are drought through the warhead bage by means of pressurized
receptacles and plugs, vhich are covered by brass cylinders
and packing glands to form an airtight seal on the cabdle.
Recorder leads, for example, carry high voltage pulses and
are protected in this mamner. Telemetering leads and control
circuit leads operating at low potential do not require this
special treatment. It is not considered necessary to
pressurize the top section of the warhead vhere such equipment
as the solar spectrograph is operated.
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4.

It has been calculated that the maximm skin temperuture en~
oountered 1nﬁo-rhnd'ulhottthnnon tip and may be of
the order to 8500° to 600°C, Due to the high heat capaocity of
the recket and to the relatively short time in which the rocket
enoounters appreciable air friotion, it appears that the tem-
perature rise in the warhead is not great and that no special
precautions are needed to insure operation of electronio equip-
mont, It was noted that the paint on the outside of the rocket
fired July 30, 1948 ws only slightly blistered, indicating
relatively moderate skin temperatures in flight, 7The Geiger
tubes used in the flights have been tested for reliadle oper-
ation at warious temperatures. It has been found that thoy
will operate ncooufnny at temperatures as high as 100°C and
as low as 10°C, & renge that excevds all temperatures to be
expected in flight,

Becovery of data has been an important phase of the V-2 program.
Two parallel methods have been used, one being telemetering and
the other physiocal recovery ef recorders within the rocket.

An additiomal problem of importance is that of determining the
operability of equipment during flight so that the data cbtained
my be interpreted ocorrectly, and so that any portions of the
instrumentation whioch fail in flight may be redesigned as re-
quired. A method of calibrating the Geiger counters during the
flight by periodiocally exposing them to Beta particle radiation
from a redioactive phosphorus source has been used to estadblish
the operation of the counters as well as the electronic cirouits.

The radioactive Phosphorus (P32) used in this experimnt ws
supplied by the Monsanto Chemical Coupany, Clinton laberatories,
Oak Ridge, Tennessee and obtained on allocation from the U. S,
Atomio Exergy Commission.

Weight allowmnoes for instrumentation are not oritical., It is
necessary due to stability oonsiderations, howver, to have the
total weight of the loaded warhead in the neighborhood of 2200
pounds, Lead counterweights are added as needed to dring the
gross might to within several hundred pounds of this figure.
The location of the center of gravity of the warhead is not
oritical and partioular oconsideration msed not be given to this
factor in designing the instrumentation,

The position of the rocket in flight is important. Roll is to
be expected, and has been induced on some flights to inorea..
stability., The resultant period of roll has varied within the
range of 6 to 40 seconds. Tumbling in flight, with a period
of about 50 seconds, is typioal after burnout.
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7. The maximsm time available for obtaining data is of
ixportance in planning V=2 experiments and is limited
by the missile's short flight time. The usadle time
is reduced by warhead blow-off, a technique used to
separate the V=2 into two asrodynamically unstable
perts in order to lower the terminal velocity of the
missile and t0 facilitate recovery. Ko data is secured
after separation of the warhead from the main body. The
time of flight from launching to dlow=-off has been set
at 5.5 mimtes, by which time the missile 1s over the
peak of the trajectory om a flight to an altitude of 100
miles and yet is above the ground on a short flight to
a 60-mile height.

Treckipg and Reduction of Ballistic Data

Pracking of the V=2 rockets and reduction of trajectory data is con-
ducted by the Ballistioc Research Laboratory of the Aberdeen Proving Ground,
the Signal Corps, and the New Mexico College of Agriculture and Mechanic Arts.
Measurements made by BERL include position, velocity, and acceleration as

- functions of time, aspect, poimt of impact, and time of flight. ERL also

provides time signals on both wire and radio communication channels for use

by the various observers in coordinating, mcasurements with the trajectory data,
Radar, radio, photographic, and visual equipment are used in making trajectory
meagurenents,

Gadar Units

A beaconeradar system used to obtain the ocomplete trajectory, consists
of the SCR-584 radar assisted by a modified M=19 beacon in the missile. Two
plotting boards are used in conjunction with the beacon-radar, one giving
vertioal height vs. horisontal distancs from the radar set, and the other
horisontal range vs. asimuth in a polar plot. Time is shown ¢n both plots as
dots ooourring at one-half second intervals, The plotting board data has
suffioient acouracy to locate the missile within a 100 yard sphere.® Looation
of the missile to within 30 yards range and within one or two mils in asimuth
and elevation is obtained from photographic records of a data box showing
asimuth and elevation dials and a remote 2,000=-yard range osoilloscope.

If the beaocon in the missile malfunctions, no record is produced in the
min radar station desorided above, A secondary radar station does not use the
beacon and is provided primerily for short-range information, within 40,000
yards, This station employs photographic recording only.

fau figures of acouracy given in this seotion are based on sucoessful operation

of the instruments under good operating conditions.
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Radio doppler equipment is used for determining the position and the
velocity of the missile with respect to time. A one-kilowatt transmitter
beams continuous wave radiation along the trajectory of the V=2. ZThis
signal is received by four ground stations and by a receiver located ia the
missile. The airborne receiver amplifies the signal, doubles the frequency
and feeds the higher frequency signal to a 10=-watt transmitter. The four
ground stations receive the high frequency signal and mix it with. the
signal received directly from the ground transmitter after this low-fre-
quency signal has also been doudbled. The beat, or doppler frequency, is
transaitted to a zentral recording station and from the data recorded, the
dietance to the rocket from each of the receiving stations may be calculated.
The position of the rocket is then determined by triangulation. ZXach
quantity takea separately is accurate within 3 meters. The slant range oan
be determined with an accuracy of the same order, and vhen the distance of th
missile is large compared with the distance between the receiviag stations,
the error in asimuth is about one~tenth mil and that of the quadrant ele-
vation is (1/10 sine @), vhere ¢ 1s the angle adota the horison.

Optical Ingtruments

Optical instruments wsed for obtaining such trajectory data as position,
velocity, acceleration, and aspect include the following: (a) Two Bowen-Inapp
cameras, (b) two Mitchell phototheodolites, (¢) two Askania phototheodolites,
(2) two ballistic cameras, and (e) one telescope with recording camera.

The Bowen-Knapp cameras, operating at 30 frames per second, are used to
record the firet 8000 feet of the trajectory. The prodabdle error in positiom
is about 0,04 mils, wvhile the error in aspect about 10 mils, and timing error
is about 50 microseconds.

The Mitchell phototheodolites secure data during the first 100,000 feet
of the trajectory, and are run at 10 frames per second. Positional accurscy
is obtained to & probable error of 0.4 mils and the timing accuracy is of the
order of 1/300 second.

The Askania phototheodolites observe the first 100,000 feet of the
trajectory or more, being operated at a rate of 3.3 frames per second. Po-
sitional accuracy is about 0.2 mils, and timing accurscy is around 1/800 second.

The quadrant=type dallistic cameras record the positian of the rockest
between 30,000 and 70,000 feet. Probvable error ia position is 0,04 mils and
timing 1s accurate to 1/1000 second.

The telescope with recording motion picture camera is primarily wsed for
observation of the aspect of the missile during its flight in the upper
atmosphere. A 4.5-inch refracting telescope of 60 inubes prime focus has been
used. 3By means of an amplifying lens, an image is recorded by a 3iam motica
picture camera with the scale of the photograph being 1 mm ¢n 1/3 of a minute
of arc. The telescope is located on a motor driven mount and trained with 20X
binoculars. Exposures may be made at the rate of 16 to 32 frames per second.
The proiable error in yaw measurements at 250,000 feet is about 4 mils,

The master time sigaal is impressed on each of the tracking instrumeats.
This eignal, initiated by the rocket at the instant it leaves the lawncher,
originates in the block house and is derived from an 80 kilocycls crystal
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osoillator acourate to ons part in 80,000,

In general the tracking data have been adequate for all experiments per-
formed by APL to date; preéocise measurements of the trajectory data have not
been required. In the instances where radar data have not beer awailable, a
parabolio trajectory has been assumed after fuel burn-cut. Checks have been
made using this method of plotting the high altitude trajectory on flights
vhere the radar data are available, and the caloulated and experimental tra-
Jectory ocurves agree.

The redar traocking has lost the besoon sigmal at times, one cause for

this being attenuation by the ionized exhaust gases while the motor is oper-

ating. On the April 8, 1947 flight, for the first time, the beacon sigml
was received every half-gecond from launching to fuel out-off., The loss of
beacon signal towmrd the end of flight is believed to have been due to the
tumbling of the rocket. No beacon-radar tracking was obtained on the April
1, 1947 flight sinoce the beacon ocould mot be turned on prior to launching.

The phototheodolite measuremsnts have proved to be very reliable
although eloud formations have, at times, obscured proper obserwation. The
tracking data giving the oriemtation of the missile have mot been adequate in
many osses and special installations have been made by APL for in-flight oper-
ation, This equipment is desorided elsewhere in this report.

The trajectory data supplied by BRL is reproduced im Figs. 4 through 185,
In the phototheodolite ourves, the origin of the coordimates is taken to be
the lawmching site. The positive X coordimate is north and the positive 2
coordimte is east, The Y coordimate represents the vertioal. The angle be-
tween the trajectory and the vertical is ¥, while © 1s the angle be-
tween the trajectory and the horizontal,

Sumary of Altitudes Attained by APL V-2 Rookets

The following table summariszes the performance of rookets fired during
the period of this report,

TABLE I
Missile Mo, Date Maximum Altitude in Miles
9 July 30, 1946 100
ad Ootober 24, 19468 68
17 December 17, 1948 114
22 April 1, 1947 76
23 April 8, 1947 88

Power for V=2 Experimeuts

The souroce of power for operating instruments in the V-2 and the oircuits
required for its distridution are desoribed in this section of the report,

Batt.ries
power for operating the experimental equipment in the V-2 is

obtained from a bank of G6-volt lead=acid storage batteries installed in the
warhead, This source operates the eleoctronio tube heaters and the gemsrators
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supplying electronic tube plate and screen current. A 24-volt lead-acid
battery supply operates various auxiliary circuits suck as timing motors and
calibratcrs. A high-voltage source of about 1000 volts is supplied to the
Yeiger tudes from a sperial battery composed of a number of small 22.5-volt
hearing-aid batteries set in wax, as shown in Fig. 16.

The lead-acid ocells conmstituting the primary power supply are airoraft
batteries of a non-spillable oonstruotion permitting operating in any
orientation. About &0 amperes is needed to supply heater ocurrent and 60
amperes 1is required to operate the DC generstors furnishing plate voltage.
The batteries, shown in Fig. 17, are capable of supplying this current for a
period of 20 mimtes,

Your values of voltage are required for the various electronic plate and
screen circuits and are provided by the above generators which are capable of
delivering 355 volts at 150 milliamperes. Voltages used in most experiments
are 67.5, 135, 200, and 250. Separate generators supply each potential, and
dropping resistors reduce the 355 volts to the required values. In order to
reduce the dissipation in the dropping resistors and cut down battery drain,
the generators supplying 67.5 and 135 volts are operated with an input
voltage of 4 volts. Radio frequency and ripple filters are provided in the
output circuit of each generator.

These four voltages together with the 6-volt supply and a 24-volt supply
are fod to a junction bdox which has a number of output plugs whereby voltages
are supplied to each unit of the experiment using a standard plug and cable
arrangenent. Dry batteries (22,5-volt) furnish bdias voltages which are
adjusted by a divider in each particular unit and decoupled by a suitable
filter network.

Space considerations require that as few batteries as possible be used
for the power supply. The result of an inadequate power supply is the
probability of low filament voltage. Since the plate current in most of the
tubes is of high value, the filament currsnt must be maintained near the rated
value to prevent large changes in tube characteristics. ILaboratory tests
indicate that the power supplies used are adequate to operate the equipment
satisfactorily for a period consideradly in excess of the required time of
flight,

The same bank of batteries used on a flight is also ueed to power the
equipment during laboratory and proving ground test periods. Provision is made
for charging the batteries with a high current, "quick charge® battery charger
which is also "floated® across the battery bank during the test use. This
mothod has proved highly successful, removing the need for auxiliary tesi power
supplies and attendant changeover switches, and assuring that flight operating
potentials are the same as test conditions.

Qontrol Circuit

A control circuit, Fig. 18, has been designed that permits part of the
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